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between infectious arthritis and spondyloarthritis
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Abstract
Objectives To analyze and identify magnetic resonance imaging (MRI) and clinical findings for the differentiation between
infectious arthritis and spondyloarthritis in patients with unilateral sternoclavicular arthritis.
Materials and methods We retrospectively collected and evaluated the magnetic resonance (MR) images of 21 patients diag-
nosed with unilateral sternoclavicular arthritis, including 12 with infection and nine with spondyloarthritis, between 2004 and
2017. Capsular distension, extracapsular fluid collection, periarticular muscle edema, the prevalence and distribution of bone
marrow edema, and the prevalence and size of bone erosions were assessed on the MR images. Clinical data were also reviewed.
Results Capsular distensionwas more prominent in patients with infectious arthritis than those with spondyloarthritis (p = 0.002);
extracapsular fluid collection and periarticular muscle edema were also more common in infectious arthritis than
spondyloarthritis (p < 0.001, respectively); moreover, bone erosions were larger in infectious arthritis than spondyloarthritis
(p = 0.023). Other findings significantly associated with infectious arthritis included advanced age (p = 0.007), an elevated C-
reactive protein (CRP) level (p = 0.001), and erythrocyte sedimentation rate (ESR) (p < 0.001). The prevalence and distribution of
bone marrow edema and the prevalence of bone erosions on MRI, the white blood cell count, and sex showed no significant
differences between the two groups.
Conclusions Capsular distension, extracapsular fluid collection, periarticular muscle edema, and the size of bone erosions on
MRI, as well as the age, CRP level, and ESR of patients, could be helpful for differentiating infectious arthritis from
spondyloarthritis involving the sternoclavicular joint.

Keywords Arthritis, infectious .Magnetic resonance imaging . Spondyloarthritis . Sternoclavicular joint

Introduction

The sternoclavicular joint is the diarthrodial articulation be-
tween the axial and appendicular skeletons. It is susceptible
to the same disease processes that occur in joints, including
degenerative arthritis, infection, and subluxation [1].
Moreover, it is a commonly involved site in patients with
spondyloarthritis [2–5]. Although symmetrical involvement
is seen in the majority of patients with spondyloarthritis, uni-

lateral involvement of the sternoclavicular joint has been noted
in the early stages of ankylosing spondylitis, psoriatic arthritis,
and reactive arthritis [2].

Differentiation between infectious arthritis and
spondyloarthritis involving the sternoclavicular joint is very
important for the selection of appropriate therapeutic ap-
proaches. Prompt diagnosis and treatment are crucial because
untreated infection may lead to life-threatening consequences
such as mediastinitis or empyema [1, 6, 7].

To our knowledge, no studies have attempted to differenti-
ate between infectious arthritis and spondyloarthritis involv-
ing the sternoclavicular joint using magnetic resonance imag-
ing (MRI). Accordingly, we designed the present study to
analyze and identify MRI and clinical findings for the differ-
entiation between infectious arthritis and spondyloarthritis in
patients with unilateral sternoclavicular arthritis.
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Materials and methods

This study was conducted according to the ethical stan-
dards of our medical institutional research committees as
well as the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Institutional review
board approval was obtained before the initiation of this
retrospective study, and the requirement for informed pa-
tient consent was waived.

Using the search term Bsternoclavicular,^we retrospective-
ly searched the radiology databases of our medical institutions
for the period between January 1, 2004 and May 31, 2017.
Our initial search yielded 178 patients. After a review of pa-
thology and clinical reports, we excluded 157 patients with
bilateral involvement, missing MRI data, a history of surgery
or trauma, and underlying diseases such as rheumatoid arthri-
tis and SAPHO (synovitis, acne, pustulosis, hyperostosis, and
osteitis) syndrome. The final study group comprised 12 pa-
tients with infectious arthritis and nine with spondyloarthritis,
both of which involved the unilateral sternoclavicular joint.
Joint infection was confirmed by culture of aspirated speci-
mens or blood or clinical follow-up studies. Five of the nine
patients with spondyloarthritis fulfilled the Assessment of
SpondyloArthritis International Society (ASAS) classification
criteria for axial spondyloarthritis, while the remaining four
were cl in ica l ly diagnosed with undifferent ia ted
spondyloarthritis on the basis of clinical examinations and
MRI findings [8, 9].

MRI of the sternoclavicular joint was performed in the
supine position. Because of the retrospective nature of our
study, images were obtained with a variety of MRI scanners,
including a 3.0-T MRI unit (Achieva; Philips Healthcare,
Amsterdam, The Netherlands), a 1.5-T MRI unit (Achieva;
Philips Healthcare, Amsterdam, The Netherlands), and a
1.5-T MRI unit (Signa; GE Healthcare, Erlangen, Germany).
The imaging protocol and parameters also varied among
cases. The imaging sequences included axial and coronal
T1- and T2-weighed fast spin echo (FSE) sequences, short
tau inversion recovery (STIR) or fat-suppressed T2-weighted
sequences, and sagittal T2-weighted sequences. Fat-
suppressed T1-weighted FSE sequences were acquired in the
axial or coronal planes after the administration of a contrast
agent in all 12 patients with infectious arthritis and eight pa-
tients with spondyloarthritis. An intravenous bolus injection
of gadoterate meglumine (0.1 mmol/kg body weight;
Dotarem; Guerbet, Paris, France) was administered at a rate
of 2 ml/s for the postcontrast examination.

All MR images were randomly mixed and reviewed by two
musculoskeletal radiologists (B.S.K. and H.S.S.) with 15 and
3 years, respectively, of clinical experience; they were blinded
to the patients’ history, findings of other imaging studies, and
the final diagnosis. The following features were evaluated on
the MR images: capsular distension, extracapsular fluid

collection, periarticular muscle edema, the prevalence and dis-
tribution of bone marrow edema, and the prevalence and size
of bone erosions. Capsular distension was defined as fluid
collection in the sternoclavicular joint and was measured per-
pendicular to the bone cortex on T2-weighted or STIR images.
It was classified into two grades: grade 1, ≤ 5 mm and grade 2,
> 5 mm. Extracapsular fluid collection was defined as local-
ized fluid collection outside the joint capsule, with or without
rim enhancement, and it was evaluated on STIR or fat-
suppressed T2-weighted sequences or contrast-enhanced,
fat-suppressed T1-weighted images. Periarticular muscle ede-
ma was defined as increased signal intensity on STIR or fat-
suppressed T2-weighted sequences. Bone marrow edema was
defined as hyperintensity within the sternal manubrium or
clavicle on STIR or fat-suppressed T2-weighted sequences
or contrast-enhanced, fat-suppressed T1-weighted sequences.
The distribution of bonemarrow edema was divided into three
categories: sternal manubrium-dominant, clavicular-domi-
nant, and even. Bone erosion was defined as discontinuity in
the bony cortex, with low signal intensity on T1-weighted
images. The size of bone erosions was calculated from the
greatest dimension and classified into two grades: grade 1,
1–5 mm; and grade 2, > 5 mm. The number of bone erosions
was not counted.

The following clinical data were reviewed for all patients:
the C-reactive protein (CRP) level (normal, 0.0–1.0 mg/dl),
erythrocyte sedimentation rate (ESR; normal, 0–15 mm/h),
and white blood cell (WBC) count (>11,000 cells/μl). We
only analyzed clinical data obtained within 1 week of MRI
examinations.

Statistical analyses were performed using SPSS version
20.0 (version 20.0, Inc., Chicago, IL, USA). The radiological
and clinical data were reviewed and statistically compared
between the two groups using Fisher’s exact or Mann–
Whitney U tests. A p value of < 0.05 was considered statisti-
cally significant.

Results

The final study group comprised six women and 15 men with
an average age of 47.2 years (range, 16–80 years). In the
infectious arthritis group, 58% (7/12) patients were men; the
average age was 53.4 years (range, 36–65 years), and the
average duration of symptom was 14.8 days (range, 1–
60 days). In the spondyloarthritis group, 89% (8/9) patients
were men; the average age was 39.0 years (range, 23–
54 years), and the average duration of symptomwas 83.2 days
(range, 3–365 days). All 12 patients with infectious arthritis
underwent joint aspiration: ultrasonography (US)-guided (n =
5), open surgery (n = 5), or both (n = 2). Among them, biopsy
of the sternoclavicular joint was also performed in five pa-
tients. None of the nine patients with spondyloarthritis
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underwent joint aspiration or biopsy. The causative organism
for infectious arthritis was identified by culture of tissue ob-
tained from the sternoclavicular joint (n = 8) and blood (n = 1).
The most common causative organism was Staphylococcus
aureus (n = 4), followed by Streptococcus species. (n = 2),
Escherichia coli (n = 2), and Mycobacterium tuberculosis
(n = 1). The causative organism could not be identified for
three patients, and the diagnosis of infectious arthritis was
based on the clinical course of the disease and the response
to antibiotic treatment.

The MRI findings for the two groups are summarized in
Table 1. The two groups showed a significant difference with
regard to capsular distension (p = 0.002); grade 1 distension
(≤ 5 mm) was more common in the spondyloarthritis group
than in the infectious arthritis group (8/9; 89%), whereas grade
2 distension (> 5 mm) was more common in the latter group
(10/12; 83%) than in the former group (Fig. 1a and b). The
average amount of joint distension was 8.3 mm (range, 5.0–
11.9 mm) in the infectious arthritis group and 3.1 mm (range,
1.5–5.5 mm) in the spondyloarthritis group.

Extracapsular fluid collection was observed in 92% (11/12)
patients with infectious arthritis and none of the patients with
spondyloarthritis, with a significant difference between
groups (p < 0.001) (Fig. 2a and b).

Periarticular muscle edema was observed significantly
more frequently in the infectious arthritis group (12/12;
100%) than in the spondyloarthritis group (2/9; 22%), with
t h e ed ema i nvo l v i n g t h e p e c t o r a l i s ma j o r o r
sternocleidomastoid muscle (p < 0.001) (Fig. 2a). In addition,
50% (6/12) patients with infectious arthritis showed an ab-
scess involving the pectoralis major or sternocleidomastoid
muscle.

Bone marrow edema was noted in the sternal manubrium,
clavicle, or both in 100% (12/12) patients with infectious ar-
thritis and 67% (6/9) patients with spondyloarthritis, with no
significant difference between groups (Fig. 3a and b). Even
distributionwasmore common in the infectious arthritis group
(9/12; 75%), while the clavicular-dominant distribution pat-
tern was more common in the spondyloarthritis group (4/6;
67%; Fig. 4a and b). However, the two groups showed no

Table 1 MRI findings of
unilateral sternoclavicular
arthritis in patients with infection
and spondyloarthritis

Finding Infection
(n = 12)

Spondyloarthritis
(n = 9)

p value

Capsular distension 0.002

Grade 1 (≤ 5 mm) 2 (17) 8 (89)

Grade 2 (> 5 mm) 10 (83) 1 (11)

Extracapsular fluid collection < 0.001

Absence 1 (8) 9 (100)

Presence 11 (92) 0 (0)

Periarticular muscle edema < 0.001

Absence 0 (0) 7 (78)

Presence 12 (100) 2 (22)

Bone marrow edema 0.063

Absence 0 (0) 3 (33)

Presence 12 (100) 6 (67)

Distribution of bone marrow
edemaa

0.141

Clavicular dominance 3 (25) 4 (67)

Even distribution 9 (75) 2 (33)

Sternal manubrium dominance 0 (0) 0 (0)

Bone erosion 0.063

Absence 0 (0) 3 (33)

Presence 12 (100) 6 (67)

Size of bone erosionb 0.023

Grade 1 (1–5 mm) 8 (67) 5 (83)

Grade 2 (> 5 mm) 4 (33) 1 (17)

Data are number (%) of patients
a Distribution of bone marrow edema was assessed in six cases of spondyloarthritis with exclusion of three cases
that were not noted bone marrow edema
b Size of bone erosion was assessed in six cases of spondyloarthritis with exclusion of three cases that were not
noted bone erosion
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significant difference with regard to the distribution of bone
marrow edema.

The prevalence of bone erosions was not significantly dif-
ferent between the infectious arthritis and spondyloarthritis
groups. However, the size of bone erosions was significantly
different (p = 0.023) (Figs. 3a, b, and 5). The average size was
5.0 mm (range, 2.0–10.0 mm) in the infectious arthritis group
and 2.3 mm (range, 1.0–5.6 mm) in the spondyloarthritis
group.

The clinical data for the two groups are summarized in
Table 2. Patients with infectious arthritis were significantly
older than those with spondyloarthritis (p = 0.007). There
was no significant difference between groups with regard to
sex. The serum CRP level was significantly higher in patients
with infectious arthritis (mean, 11.8 mg/dl; range, 1.2–
28.9 mg/dl) than in those with spondyloarthritis (mean,
1.3 mg/dl; range, 0.3–3.6 mg/dl) (p = 0.001). The serum
ESR was also significantly higher in patients with infectious
arthritis (mean, 66.2 mm/h; range, 13–120 mm/h) than in
those with spondyloarthritis (mean, 23 mm/h; range, 11–
40 mm/h) (p < 0.001). Although the WBC count was higher
in the infectious arthritis group (mean, 12,248 cells/μl; range,
4330–20,250 cells/μl) than in the spondyloarthritis group
(mean, 8344 cells/μl,; range, 5300–13,100 cells/μl), the dif-
ference was not statistically significant.

Discussion

Our study results showed that capsular distension of > 5 mm,
extracapsular fluid collection, periarticular muscle edema, and
large bone erosions on MRI, as well as advanced age and an
elevated CRP level and ESR, were indicators of infectious
arthritis involving the sternoclavicular joint.

MRI findings for sternoclavicular joint infection have been
described in the literature; these include joint capsule disten-
sion, bone marrow edema, a heterogeneously enhancing soft
tissue mass extending into adjacent soft tissues, and bone ero-
sions [10–13]. With regard to spondyloarthritis of this joint,
described MRI findings include bone marrow edema, bone
erosion, and intra-articular effusion [3, 4]. Thus, several

Fig. 2 A 41-year-old woman with infectious arthritis involving the
sternoclavicular joint, with Staphylococcus aureus identified as the
causative pathogen. a,bAxial T2-weighted (TR/TE, 3000/80) (a) and sagittal
T2-weighted (TR/TE, 3128/100) (b) images show extensive extracapsular
fluid collection at the anterior and posterior aspects of the left sternoclavicular
joint (white arrows). Periarticular muscle edema is noted in the left pectoralis
major muscle (black arrow). TR: repetition time, TE: echo time

Fig. 1 A 61-year-old woman with infectious arthritis involving the
sternoclavicular joint (pathogen was not proven). a and b Axial T2-
weighted (TR/TE, 2688/100) (a) and coronal STIR (TR/TE, 8491/70)
(b) images show capsular distension with fluid accumulation in the
right sternoclavicular joint (white arrows). TR: repetition time, TE:
echo time, STIR: short tau inversion recovery
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MRI findings are shared by spondyloarthritis and infectious
arthritis involving the sternoclavicular joint.

In the present study, capsular distension was more promi-
nent in patients with infectious arthritis than in those with
spondyloarthritis, while extracapsular fluid collection was ob-
served only in patients with infectious arthritis. These findings
may be related to the amount of joint fluid produced.
Although extracapsular fluid collection, i.e., abscess, has been
reported to occur in 20 to 80% cases in previous reports [6,
14], in the present study, 92% patients with infectious arthritis
showed abscess formation in the anterior or posterior aspect of
the sternoclavicular joint. According to Chen et al. [15], infec-
tion spread through superior capsule rupture would lead to
erythema, swelling, and a neck abscess, whereas inferior cap-
sule rupture would lead to retrosternal spread. On the other
hand, inflammation associated with spondyloarthritis does not
generally cross the anatomical borders, as observed in cases of
sacroiliac joint involvement described by Navallas et al. [16].
These differences in joint capsule integrity between infectious
arthritis and spondyloarthritis support the results of this study
showing intra- and extracapsular fluid collections more fre-
quently in infectious arthritis of the sternoclavicular joint.

Periarticular muscle edema was more commonly noted in
the infectious arthritis group than in the spondyloarthritis group

in the present study. Edema extending to adjacent soft tissues,
including muscles, has been reported in cases of infectious
sternoclavicular arthritis [6, 12, 17, 18]. In our study, all pa-
tients with infectious sternoclavicular arthritis exhibited this
finding. In addition, 50% cases showed an abscess in the
pectoralis major or sternocleidomastoid muscle. Therefore,
meticulous examination for periarticular muscle edema is re-
quired during evaluations of the sternoclavicular joint.
However, two cases of spondyloarthritis also showed

Fig. 3 A 48-year-old woman with infectious arthritis involving the
sternoclavicular joint, with Staphylococcus aureus identified as the
causative pathogen. a, b Coronal T1-weighted (TR/TE, 482/10) (a) and
STIR (TR/TE, 5248/80) (b) images show even distribution of bone
marrow edema in the right sternoclavicular joint (white arrows). Bone
erosion is noted in the medial portion of the right clavicle (black arrows).
TR: repetition time, TE: echo time, STIR: short tau inversion recovery

Fig. 4 A 36-year-old man with spondyloarthritis involving the left
sternoclavicular joint. a, b Axial (a) and coronal (b) fat-suppressed,
contrast-enhanced T1-weighted images (TR/TE, 500/9) of the left
sternoclavicular joint show enhancement within the clavicle, which is
consistent with bone marrow edema (white arrows). TR: repetition time,
TE: echo time

Fig. 5 A 49-year-old man with spondyloarthritis involving the right
sternoclavicular joint. A coronal T1-weighted image (TR/TE, 700/10)
of the right sternoclavicular joint shows irregularity and small erosions
in the medial portion of the clavicle (white arrows). TR: repetition time,
TE: echo time
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periarticular muscle edema in our study. The fibrous capsule,
i.e., the outer layer of the articular capsule that envelopes the
joint cavity, is firmly adhered to the periosteum of the articu-
lating bones and is replaced by tendons or tendinous extensions
from neighboring muscles at some sites [19] (Fig. 6a and b).

Inflammation of the fibrous capsule that envelopes the
sternoclavicular joint will extend to the periosteum of the ster-
num and clavicle; therefore, reactive edema of the adjacent
muscles may occur as a secondary change.

In our study, bone erosions were larger in patients with
infectious sternoclavicular arthritis than in those with
spondyloarthritis. Bone erosion is seen not only after cartilag-
inous erosion but also after cartilage detachment due to insin-
uation of granulation tissue between cartilage and subchondral
bone [20]. In a previous study using surface microscopy for
the examination of macroscopically recognized articular sur-
face defects, Rothschild et al. [21] mentioned that smaller
Bfronts of resorption^ were commonly observed in inflamma-
tory arthritis, including spondyloarthritis, while larger Bzone
of resorption^ were commonly observed in tuberculosis and
prominent Birregular resorption^ was observed in pyogenic
infection. These findings support the results of our study,
which demonstrated that the size of bone erosions is signifi-
cantly different between infect ious arthri t is and
spondyloarthritis. Although evaluation of the erosions may
have been influenced by curved joint surfaces and the slice
thickness used, the size of bone erosions could be a helpful
parameter for the differentiation of infectious arthritis from
spondyloarthritis.

In the present study, the prevalence of bone marrow edema
was similar in the infectious arthritis and spondyloarthritis
groups. Although the difference was not significant,
clavicular-dominant bone marrow edema was relatively more
common in the spondyloarthritis group. In the sternoclavicular
joint, unlike most synovial joints, the articular surfaces of the
clavicle and manubrium are covered by fibrocartilage, which
thicker over the clavicle than over the manubrium, instead of
hyaline cartilage [22, 23]. Generally, spondyloarthritis does
not affect the subchondral bone in the immediate vicinity of
the articular cartilage that lines synovial joints. However,
when such joints are lined with fibrocartilage instead of hya-
line cartilage, the changes can be pronounced [24]. Also,
Warth et al. [25] reported that approximately two-thirds of
the medial clavicle was actually covered by articular cartilage,
and portions of the medial clavicle that were not covered by
articular cartilage served as attachment sites for the anterior
and posterior capsular ligaments and intra-articular disc.
These findings may explain the occurrence of bone marrow

Table 2 Clinical data of unilateral
sternoclavicular arthritis in
patients with infection and
spondyloarthritis

Finding Infection (n = 12) Spondyloarthritis (n = 9) p value

Age (years) 53.4 ± 9.8 39.0 ± 10.8 0.007

Sex (F:M) 5:7 1:8 0.178

CRP (mg/dl) level 11.8 ± 9.4 1.3 ± 1.2 0.001

ESR (mm/h) 66.2 ± 29.5 23.0 ± 10.1 <0.001

WBC (cells/μl) count 12,248 ± 5023 8344 ± 2504 0.082

CRP C-reactive protein, ESR erythrocyte sedimentation rate, WBC white blood cells

Fig. 6 Normal sternoclavicular joints in a healthy 20-year-old man. a
Coronal T2-weighted (TR/TE, 3004/100) image shows normal articular
capsules of both sternoclavicular joints (white arrows). b Sagittal T2-
weighted (TR/TE, 4159/100) image shows normal anterior and posterior
articular capsules of both sternoclavicular joints (white arrows). TR: rep-
etition time, TE: echo time
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edema in patients with spondyloarthritis involving the
sternoclavicular joint. However, further studies with a large
series of cases are needed on this matter.

In this study, the CRP level and ESR were significantly
higher in the infectious arthritis group than in the
spondyloarthritis group, whereas the WBC count showed no
significant changes. Although clinical data have been shown
to exhibit varied sensitivity and specificity for the diagnosis of
infectious arthritis, most patients with this form of arthritis
display elevated CRP levels and ESR, whereas peripheral
blood WBC counts are often within normal limits in adults
[7, 26–28]. In contrast to other systemic inflammatory dis-
eases such as rheumatoid arthritis, spondyloarthritis may be
associated with normal CRP levels and ESR in the majority of
patients [29]. Therefore, the CRP level and ESR, not theWBC
count, could be useful markers for differentiating between
infectious arthritis and spondyloarthritis.

We observed that patients with infectious arthritis were
significantly older than those with spondyloarthritis.
Spondyloarthritis usually developed between the second and
the fourth decades of life [30]. In contrast, the mean age for the
development of infectious sternoclavicular arthritis is reported
as 45 to 57 years (range, 11–88 years) [6, 7]. Therefore, con-
sidering that sternoclavicular arthritis develops in older pa-
tients, the likelihood of infectious arthritis is higher than that
of spondyloarthritis in these patients.

In this study, there was no significant difference with regard
to sex between the infectious arthritis and spondyloarthritis
groups. Although men are more commonly affected by
spondyloarthritis (especially ankylosing spondylitis) than
women [31], the incidence of infectious sternoclavicular ar-
thritis in men has also been reported to be as high as 70%–
73% [6, 7].

In this study, aspiration of the sternoclavicular joint was
performed in all 12 patients with infectious arthritis. On the
contrary, the nine patients with spondyloarthritis did not un-
dergo aspiration because spondyloarthritis was diagnosed
using clinical diagnostic criteria. Further studies involving
joint aspiration in patients with spondyloarthritis are required
to reduce a clinical selection bias.

S. aureus was found to be the most common pathogen
causing infectious arthritis in the present study. This finding
was similar to that in previous studies [7, 32]. Sternoclavicular
joint infection may occur via hematogenous spread from a
distant source or contiguous spread from a nearby source of
infection [12]. Sternoclavicular joint infection mainly affects
immunocompromised individuals, such as those with existing
infection, malignancy, rheumatic disease, diabetes, and alco-
hol and intravenous drug abusers, although it can also occur in
previously healthy individuals [6, 33]. Among the 12 patients
with infectious arthritis in the present study, four had diabetes
mellitus and two had infection at other sites. The remaining
six patients had no predisposing risk factors.

This study had several limitations. First was the retrospec-
tive design, and some medical records may have had missing
or incorrect data. Second was the small number of patients in
each group. Third, three different MRI scanners and protocols
were used, which could have influenced the imaging findings.
Fourth, a selection bias is likely to have resulted, since aspi-
ration of the sternoclavicular joint was not performed in the
nine patients with spondyloarthritis. Finally, when sagittalMR
images are assessed, inadvertent visualization of signal inten-
sity changes in facet joints or vertebral bodies in the thoracic
spine may influence the analysis of findings.

In conclusion, the findings of the study suggest that capsu-
lar distension, extracapsular fluid collection, periarticular
muscle edema, and the size of bone erosions on MRI, as well
as the age, CRP level, and ESR of patients, could be helpful
for differentiating infectious arthritis from spondyloarthritis
involving the sternoclavicular joint.
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